Computer-based search for steroid and DNA binding sites on estrogen and glucocorticoid receptors.
The primary amino acid sequences of proteins that are receptors for estrogen, glucocorticoids, and ouabain were compared with each other using computer programs designed to detect and quantify similarities between proteins. Three regions of similarity between the estrogen receptor (ER) and the glucocorticoid receptor (GR) were identified. On the ER, residues 173-250, 323-395, and 426-458 are similar to residues 409-486, 540-612, and 644-676, respectively, on the GR. The ALIGN computer analysis of these segments on the ER and the GR gave comparison scores that were 16.8, 13.7, and 6.8 standard deviations higher, respectively, than that obtained with a comparison of randomized sequences of these proteins. The probability of getting these scores by chance is less than 10(-60), 10(-40), and 10(-11), respectively. Others have proposed that the segment on the ER and GR that is nearest their amino terminus (e.g. residues 173-250 of the ER) is part of their DNA binding domain and that the other two similar segments on each receptor, which are closer to their carboxy terminus, are part of their steroid binding domain. Here, we present evidence to support both of these hypotheses. First, an Align computer analysis indicates that residues 323-395 of the ER and residues 570-612 of the GR contain a region that is similar to a part of the alpha-subunit of the (Na+ + K+)ATPase that is hypothesized to bind the steroid ouabain. This similarity provides additional support for the proposed location of the steroid binding site on the ER, GR, and (Na+ + K+)ATPase. Second, a computer search of the protein sequence database revealed that protamine, a DNA binding protein, has some similarity to residues 255-281 of the ER, which are thought to be part of the DNA binding domain in the ER. Further, we find that residues 276-281 of the ER contain a structure that has been found at the nucleotide binding domain of some protein kinases. If this region on the ER binds ATP, then it may be involved in phosphorylation/dephosphorylation of the ER, which is thought to be important in its mechanism of action.